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PROGRESS ON RESEARCU ON T11E MANAGEMENT OF RESEARCH AND DEVELOMENT,
1967-1969, P,Y INDIVIDUAL PROJECT
Our :967 overall program report (document No. 67/48) provides further in-
formation on these projects. That report and document No. 67 /56 also list
publications and papers up to 1967.
1. Idea Flow in Research and Development
Objective: The objective of these studies was to describe and, hope-
fully, make useful predictions about the way in which technical ideas
for :iew R6D projects are originated, communicated, and disposed of.
The overall design included individual organization studies and com-
parative - studies. Field investigations were conducted in a number of
companies which varied in size, industry and structure. Among the
ri techniques used were several kinds of questionnaires and inte
-^Lrk .1 ^views,
examination of internal documents, and, in several sites, direct ob-
servation.
F_
The general research questions focused on the following: 1) the sources
of ideas. 2) the criteria used by various organizational levels and
^---	 functional groups in evaluating ideas; 3) the effects of individual
backgrounds on criteria used and behavior with respect to idea origin-
4E^=a' tion and transmission; ) organizational procedures for handling ideas;
^	 _	 8	 P	 g	 ^
and, 5) the decision processes at various stages of transmission
` r disposition of ideas-
Progresscc  Since 1967: The field work in this series of studies has been
completed, and we are now in the write-up stage. A book, reporting on
the 6 -8 individual sub-projects, is under way. The earlier work in
this area continues t^) provide stimulation and direct inputs (of theory
and method) to theses and dissertations at North western and elsewhere.
For example, dissertations by Bonge and Martin (see section below on
dissertations completed) were directly influenced by previous work on
idea flow in the program. In addition, a former M.S. student, James
Utterbach, who worked on the project while at Northwestern, went on
to complete a Ph.D. dissertation at M.I . T., bas-d on some of the ideas
from our idea flow study. A * further spin-off has been the cam--over
of some of the idea flow work into our current studies of project
selectio-i (see project No. 30, below). In terms of application of the
results of these S tudies, we have been making progres-, in the develop-
ment of an organization design that is intended to both identify latent
ideas in an R6:D organization. , and to generate new ones.
Potential for Implementation Studies at NASA Centers: Controlled at-
tempts could be made to improve the idea flow process so as to free
up the generation and utilization of relevant and useful ideas, through
modification in the:
a) Organizational procedures for handling ideas
b) Reward structure relative to idea generation and follow up
69/28 e
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c) Scientist and engineer information environments -- in parti-
cular their knowledge of managerial objectives
d) Organizational structure of the laboratories
e) Managerial environment, in terms of encouraging generation
and communication of ideas.
Publications and Papers, 1967-69;
68/49 John W. Bonge, "Perception and Response to Major Change by
Purchasing Agents," Ph.D. Dissertation, School of Business, North-
western University, August 1968.
67/29 Robert B. Martin, "Some Factors Associated with the Evalua-
tior, of Ideas for Production Changes in Sivall Companies," Ph.D.
Dissertation, Department of Industrial Engineering and Management
Sciences, Northwestern University, August 1167.
V,
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2. Control of Research and Development in Decentralized Organizations
This is a study of the characteristics and behavior of decentralized
organizations as they affect the inputs to, capabilities of, and output
from R and D. The sample of organizations that has been studied con-
sists of over 200 of the largest industrial companies.
Some of the questions for which findings have ueen Zenerated involve:
the effects of size on organizational structure; alternative means of
organizing and coordinating dispersed R&D facilities; criteria for
choosing overall R&D strategies by very large organizations; organiza-
tion planning in large organizations; effects of external environment
on organizations (economic, technical, social); headquarters/field re-
lationships; effects of incentives on managers; and problems of mana-
gerial control.
Progress Since 1967: This is the oldest project in our program, and
has spun off several of the other projects. A book is in progress re-
porting the major findings of the study. Meanwhile, several current
studies in our overall program are following vp ideas generated by
this major study. For example, one dissertation now unde+- way concerns
the relationships between the corporate offices of several large U.S.
companies and their European R&D laboratories. This study adds a
cultural dimension to the overall study, which was not prominent in:
the
-
U.S. field sites. A second study involves the liaison and techno-
logy transfer between U.S. firms and their manufacturing subsidiaries
in Mexico. This is giving us An opportunity to further examine tech-
nology transfer or liaison relations within the firm. Two organizational
design studies were completed early in 1969, both involving relation-
ships between corporate R&D and operating divisions of the company.
Potential for Implementation Studies at NASA Centers:
a) Investigate the form of any breakdowns in communications and
diffusion of objectives between NASA Headquarters and Centers,
and design mechanisms to minimize these effects where they occur.
b) Design and study the effect of 'various types of incentives
and evaluation criteria for managers of decentralized R&D
organizations to contribute toward overall NASA goals.
c) Design and test improved R&D repgr*_i.ng.
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3. Strategies for Organization and Diffusion of Research in Developing
Countries
Objective: The objective of the overall study is to describe the means
used by developing countries to establish and maintain an R&D capability.
A number of alternative strategies that have been used or proposed for
this purpose are being analyzed in relation to the stated objectives
for R&D in a number of these countries.
Progress Since 1967: -A series of studies are under way in this area,
some of them concentrating on questions of technology transfer to and
within developing countries, and others on the development of R&D
policy and the organization of R&D capabilities (institutes and labora-
tories). Much of the theory and many of the research techniques being
developed on this project are having direct impact on other projects
in our program. A major advantage to this series of studies is our
ability to get at some fundamental aspects of the R&D process - e.g.
information flow, technology transfer, project selection - in a much
less complex environment than that in which many U.S. organizations
operate. The added complexities of cultural, social, and economic
differences, however, help us to keep our U.S. studies in perspective,
by indicating the degree to which we can or cannot generalize to "all"
R&D.
Publications and Papers, 1967-69:
68/4r Alok K. Chakrabarti, "Study of Socio-Economic Factors In-
fluencing Diffusion of Technology in Indian Industry, " A Research
Design, Department of Industrial Engineering and Management Sciences,
Northwestern University, May 1968.
68/12 Stephen C. Hill, "Some Problems of Research Management in
Australia," submitted to Proceedings, Royal Australian Chemical In-
stitute,for publication, July 1968.
68/13 Stephen C. Hill, "The Motivation of Auscralian Industrial
Research Scientists,'" }Department of Industrial Engineering and Manage-
ment Sciences, Northwestern University, ,Tune 1968.
68/23 Stephen C. Hill, "Economic Review: The Role of Govera*nent in
Promoting Australian Industrial Research," address delivered over
Radio Australia, October 1966.
68/24 Stephen C. Hill, "Economic Review: The Social Problems Facing
Science in Developing Countries," address delivered over Radio
Au3tralia, November 1965.
68/32 Stephen C. Hill, "Progress Report on the Research Project
'Canadian Sci:lce Organization and Scientist Attitudes,"' Depart-
ment of Industrial Engineering and Management Sciences, Northwestern
University, Septemoer 1968.
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68/47r Alok K. Chakrabarti., "Report on Exploratory Field Study
on the Study of Socio-Economic Factors Influencing the Diffusion
of Technological Innovations in Indian Industry: Criticism of
the Proposal," Department of Industrial Engineering and Manage-
ment Sciences, Northwestern-University, December 1968.
69/1 A.bert H. Rubenstein, "Strategies for Organization and Dif-
fusion of Research in Developing Countries: Project Description,"
Department of Industrial Engineering and Management Sciences,
Northwestern University, January 1969.
69/2 Alok K. Chakrabarti, "Proposal for Collaboration between
Northwestern University and The National Chemical Laboratory in
a 'Study of the Socio-Economic Factors Influencing Utilization of
Research Results in the Indian Chemical Industry,"' Department of
Industrial Engineering and Management Sciences, Northwestern Uni-
versity, January 1969.
Potential for Implementation Studies at NASA Centers:
a)- Relation between R&D objectives and capabilities.
b) Strategies for organization of R&D.
c) Transfer of NASA-developed technology to domestic or-foreign
potential users.
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4. R and D Responses to Crises
Objective: We are interested in the reactions of the firm, in-terms of
R&D behavior, to changes in the marketplace, technology, the economy,
and other environmental conditions. A small sample of firms in each of
several relatively clearly defined markets is being studied.
Progress Since 1967: To date three studies have been completed in
three indus^ry sectors - two involving consumer-product markets and
the third in a service market (rail transportation). In all three
studies, the focus has been primarily on product and process innovations,
although the effects of other types of external "crisis" have been
studied as well.
Publications and Papers, 1967-69:
67/15 John B. McColly, "An Investigation of the Factors Affecting
the Perceived Impact of Marketp 7.3ce Events Upon Decisi..n Makers,"
A Ph.D. Dissertation, Department of Industrial Engineering and
Management Sciences, Northwestern University, 1967.
	 -
Potential for Implementation Studies at NASA Centers:
a) Development of strategies for modifying programs in the face
of crisis situations.
b) Study of th y: effects on the organizations of responses made
to crises -- both the long and short run effects.
5.	 Sources of R and D Achievements in Electronics Since 1945
Objective: The objective is to attempt to relate the incidence of R&D
achievements in electronics to certain characteristics of the organiza-
tions reported to have been responsible for them.
Progress Since 1967: Data collection and reduction has been completed.
The data is now awaiting interpretation and write up. At the time this
study was undertaken, there were in existence very few retrospective
studies of technical advances in specific fields. Since then, there
have been a number of such studies, such as HINDSIGHT, TRACES, and The
Materials Advisory Board study of the origin of chemical invention.
Such studies, although subject to a great deal of error associated with
retrospective studies, are adding substantially to our knowledge of the
R&D process, especially those phases that involve transfer of in orma-
tion between groups and organizations.
Potential for Implementation Studies at NASA Centers:
a) Characteristics of prod=tive sources of inventions and ad-
vances in the state of the art.
b) Patterns of exploitation of basic research breakthroughs.
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6. The Acquisition and Development of New Technical Skills in Research and
Development
Ob ective: This is an attempt to learn the cost and time necessary for
R&D organizations to build new capabilities in technical fields. The
concept of "capability" and how it is achieved is the central question
under study.
The "skills" required to do R&D are consid3red to be.. attributes of
people, and a group of people working together in a technical area
constitute a "capability." Closely related to the study are the prob-
lems of-"technical obsolescence" faced by all R&D performing organiza-
tions, in particular, those pioneering in many fields. Vulneiability
to obsolescence comes from, among other sources, the need to occupy a
wide front in many rapidly changing fields and the common difficulty of
maintaining strength in depth in all or most of them. A'corollary
problem is that of retraining or skill retreading where such obsoles-
cence has occurred.
Progress Since 1967: All of the data collection, coding, and reduction
has been completed. One progress report was prepared, and others are
in process.
Publications and Papers, 1967-69:
67/36 Gustave J. Rath, "The Development of Computer-Assisted Instruc-
tion," IEEE Transactions on Human Factors in Electronics, Vol.
HFE-8, No. 2, June 1967.
67/37 Gustave J. Rath, "Computer Assisted Instruction," Educational
Screen and Audiovisual guide, June 1967.
68/11 Stephen C. Hill, "The Training and Employment of Australian
Graduate Students," delivered to the Australian, New Zealand Asso-
ciation for the Advancement of Science (ANZAAS), 1967.
Potential for Implementation Studies at NASA Centers:
a) Development and study of programs fer retraining technical per-
sonnel whose skills have become or are in danger of becoming
obsolete.
b) Development of programs to redirect and provide continuing re-
training to R&D personnel.
c) Controlled studies of various approaches to the development of
new skills as required in the Centers.
d) Development of programs for identifying and appraising skills.
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7. Integration and Utilization of Managemen t_ Science Activities in Organi-
zations
Objective: The study is concerned with the general process of intro-
duction and adoption of operations research and management science
(OR/MS) activities in organizations. The objective is to describe and
then, hopefully, to predict the transition of operations research and
other management science groups as they become integrated into the or-
ganization (if they do). T:? effects of many internal and external
factors are being tested in a series of studies. Questions of imple-
mentation and effectiveness are central aspects.
Progress Since 1967: As mentioned in the introduction, the conduct of
this project has largely shifted to the School of Business, although
both our program and theirs cooperate in the field work, theorizing, and
writing up of results (note the multiple authorships in the publica;ions
listed below). Major accomplishments over the past two years have been
the launching of a full-scale study of OR/MS and related activities in
the federal civilian agencies and a cooperative research effort with re-
searchers in a dozen foreign countries.' In the former case, North-
western personnel are conducting the studies directly; in the latter,
foreign collaborators are using methodology and theory developed by us
to initially structure their research, so as to provide comparative
data, where possible.
Publications and Papers, 1967-69:
67;26 Albert H. Rubenstein, "Some Comments on Training for the
Future of the Management Sciences," Management Science, July,
1968.
67/43 Alden S. Bean, "A Critique of Some Models on the Integration
and Utilization of Management Sciences in Industry," Department of
Industrial Engineering and Management Sciences, Northwestern Uni-
versity, August 1967.
67/50 Michael Radnor, "Cooperative International Program of Studies
of Operations Research and the Management Sciences: Newsletter
and List of Participating Researchers," Department of Industrial
Engineering and Management Sciences, Northwestern University,
October 1967.
67/51 Mic'iael Radnor, Michael White, David Tansik, "Management
Science Activities in Federal Civilian Agencies," School of
Business, Northwestern University, 1968.
68/38 r+ichael Radnor, Albert H. Rubenstein, David A. Tansik, "Im-
plementation in Operations Research and R&D: in Government and
Business Organizations," presented at a meet =.n of the Operations
Research Society of America, Philadelphia, November 1966.
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Potential for Implementation Studies at NASA Centers:
-a) Requirements for and methods of introducing new management
science capabilities into the Centers.
b) Study the relation of present methods of "program management"
to the PPBS concepts.
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8. Liais,-n Relations: Technology Transfer, Coupling, and Interface Prob-
lems —tweer, Phases of Research, Development and ,application (LINCOTT)
objective: This ;series of studies is aimed at increasing our under-
standing of the important factors involved in the exchange of ideas and
information between individuals and groups who are attempting to work
together or transfer technology in the complex research-to-applications
process.
Progress Since 1967: These: LINCOTT studies (an acronym coined from the
several terms used in the field - Liaison, Interface, Coupling, Tech-
nology Transfer - now constitute a major sub -program in our overall
program. Approximately a dozen faculty and students are involved, with
ten theses and disserations under way on various aspects of the prr')-
less. Dorument 69/29, listed below, reports the progress of all staff
-and theses or dissertation studies. --
Publications and Papers, 1967-69:
69/29 Albert H. Rubenstei.i, "Coupling Relations in Research and
Development," Second Technical Report on Contract D AHC-19-69-i1-
0001, ARO, 1969.
69/12 Albert H. Rubenstein, "Coupling Relations in Research and
Development," First Technical Report on Contract D RC-19-69-C-0001,
ARO, Feb..uary 1969.
u9/5 Albert H. Rubenstein, "A Rec1-Time Study of Technology Trans-
fer in Industry," NSF Research Proposal, Department of Industrial
Engineering and Management Sciences, Northwestern University,
January 1969.
68/40 Alden S. Bean, "A Short Report on the Product Manager Con-
cept," Department of Industrial Engineering and Management Sciences,
Northwestern University, November 1968.
68/36 Stephen C. Hill, "The Values of Australian Industrial Scien-
tific Researchers: A Test of the Influence Exerted by the Social
System of Science," Department of Industrial Engineering and
Management Sciences, Northwestern University, November 1968.
68/28 A.Lbert'H. Rubenstein and Charles F. Douds, "A Bibliography
on Interface, Liaison and Technology Transfer," Department of In-
dustrial Engineering and Management Sciences, Northwestern Uni-
versity, November 1968.
68/18e Albert H. Rubenstein, "Coupling Relations in Researc^, and
Development," ARO Proposal for Research, Department of Industrial
Engineering and Management Sciences, Northwestern University,
September 1958.
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67/33 Robert C. Mills, "Liaison Activities at Research and De-
velopment Interfaces: A Model, Some Empirical Results, and Design
Considerations for Fu,-ther Study, " A Master's Thesis, Department
of Industrial Engineering and Management Sciences, Northwestern
University, June 1967.
67/32 Charles F. Dodds, "An Approach to a Theory of Organizational
Interfaces," Department of Industrial Engineering and Management
Sciences, Northwestern University, 1967.
67/19 Robert B. Martin, "Some Factors Associated with the Evalua-
tion of Ideas for Production Changes in Small Companies," A Ph.D.
dissertation, Department of Industrial Engineering and Vanagement
Sciences, Northwestern University, 1967. (Also listed under Project No.l)
67/1-7
 Charles F. Dodds and Ralph J. Lewis, "An Exploratory Study
of Interface iWdels and Hypotheses," Department of Industrial En-
gineerin- and Management Sciences, Northwestern University, 1967.
Potential for Implementation Sttidies at NASA Centers:
a) Identification of liaison (linkage) people and characteristics
which make them effective or non-effective.
b) Experimentation with different liaison configurations for in-
ternal and external tasks.
c) Methods of setting up and utilizing liaison functions to mini-
mize communication gaps and distortion.
d) Study of the effects of varying location and organization of
systems and other activities.
e) Test of specific extra-organizatioi.al
 mechanisms to minimize
interface problems with contactors and collaborating organi-
zations.
T
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9. The Information-Seeking Behavior of Researchers
Objective: Many different information-seeking behaviors are available
to scientists and engineers. The behavior selected by a given indi-
vidual depends upon his own personal style and the content of his work.
His organization may constrain his style or may determine what specific
behavior he follows. It is hypothesized that information-seeking style
is a stable behavior pattern, developed slowly over the professional
lifetime of an individual. The information-seeking styles prevalent in
a group may be one determinant of R&D group effectiveness.
Progress Since 1967: More than any other project in our program, this
one has tuned in a field-experimental direction. We have conducted
five major e: peri:uents ainung a bream raage z)f scientific and technical
specialists, in almost two dozen organizations. The field sites in-
cluded government lzbcratories, research hospitals, industrial labora-
tories, universities, and non-for-profit organizations. We have a-,:-
tempted to prob, deeply into the factors underlying the development
and maintenance :,f patterns of information-seeking behavior - "styles,"
with the aid of theory from -arious behavioral science specialties,
including personality theory, role thecry, learning theory, and social
attitude theories. As kith tha LINCOTT studies, this area (closely
related to the LINCOTT processes - project No. 8, above), now consti-
tutes a-major commitment of interest and personnel in our program.
Publications and Papers, 1967-69:
69/13 William Moor, "An Empirical Study of the Relationship Be-
tween Personality Trams of Research cnd Development Persennel and
Dimensions of Information Systems and Sources," Ph.D. dissertation,
Department of industrial Engineering and Management Sciences,
Northwestern University, June 1969.
6919 Lani:' L. Kogan, "Mleasures of the Usefulness of Written
Technical Information to Chemical Researchers," Department of In-
dustrial Engineering and Management Sciences, Northwestern Uni-
versity, May 1969.
69/8 Daniel L. Kegan, "The Usefulness of Written Technical Infor-
mation to Two Groups of Chemical Researchers," A Masters Thesis,
Department of Industrial Engineering and Management Sciences,
Northwestern University, June 1969.
69/4 Albert H. Rubenstein, "The Development of Information Style
by Researchers." HIH Proposal, Department of Industrial Engineering
and Management Sciences, :northwestern University, Januar y 1969.
68/34 Charles W.N. Thompson,"The Initial Screening of Technical
Do, -rents by the User: A Field Experiment on the Relation 	 of
Document Surrogates to the Time Taken and the Relevance Judgment
Made During the Disposition Decision; and a Case Study of the Methodo-
logy Used in Carrying Out the Field Experiment," Ph.D. Dissertation,
Department of Iadustri-1 Engineering and Management Sciences,
Northwestern University, June. 1969.
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68/17 Richard Trueswell, Gustave J. Rath, Albert H. Rubenstein,
"An Experiment in Measuring Certain Aspects of the Information
Searchino
 Behavior of X-Ray Crystallographers, June _1968.
68/16 Richard Trueswell, Gustave J. Rath, Albert H. Rubenstein,
"A Study of the Information Searching Behavior of X-Ray Crystallo-
graphers," (paper prepared for publication), May 1968.
68/1 (Rev.l) Gustave J. Rath and William C. Moor," The Information-
See ing Behavior of Researchers: A Status Report," IEEE Interna-
tional Convention Digest, p. 30, 1968.
67/57 Albert H. Rubenstein, "Notes on a Possible Index for the
Literature in the Field of Research on the Management of Research,
Development, and Engineering," Department of Industrial Engineering
and Management Sciences, Northwestern University, November 1967.
67/46 Albert H. Rubenstein, "Some Comments on Criteria for the Use
of Scientific Information," presented to the Council on Interso-
cietal Studies, Northwestern University, 1967.
67/35 Gustave J. Rath and David J. Werner, "Infosearch: Studying
the Remote Use of Libraries by Medical Researchers,"-The Proceedings
of ADI 1967 (American Documentation Ipstitute National Meeting 1967).
67/24 Albert H. Rubenstein, "An Experimental Investigation of the
Effects of Technical Report Abstracts on the Behavior of Informa-
tion Usero," ONR-INFO Proposal, June 1967.
07/21 Albert H. Rubenstein and Charles W.N. Thompson, "List of
Potential Variables for DOD Information Experiments," Department
of Industrial Engineering and Management Sciences, Northwestern
Universit-, May 1967.
Potential for Implementation Studies at NASA Centers:
a) Carry out controlled experiments on the usefulness of and prob-
lems with new infc_mation services and systems.
b) Develop or adapt services to fill the needs of specific skill
groups or functional groups.
c) Establish criteria and procedures for evaluating and reviewing
both new and existing information services periodically to
assure usefulness, proper operation of the service, compati-
bility with other NASA and non-NASA services, adaptability
to new needs_
d) Establish training procedures for introducing new services to
existing personnel and introducing new personnel to existing
services.
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10.	 Project Selection in R and D
Objective: To describe the currently used R&D project-selection pro-
cess and to formulate models that might be used to improve it. The
long-run ob_jectve is a "real-time" information and computation system
to aid the R6D manager in his project selection and review.
Progress Since 1967: Three major field stadies have been under way
in two industrial and one government laboratory for four, three, and
one-and-a-half years, respectively. In the two industrial laboratories,
new formal-methods of project selection and review have teen intro-
duced by the Northwestern researchers, and their development, imple-
mentation, and effects have been observed in "real" organizational time.
For example, phone interviews are conducted with one of the industrial
sites several times per week in addition to frequent face-to-Mace
visits (the company has two participating laboratories, each several
hundred miles from Northwestern). Full reports of progress over the
past two years are contained in document Nos. 68/19 and 69/24 listed
below.
Publications and Papers, 1967-69:
69/3r Arthur P. Hurter, Jr. and Albert H. Rubenstein, "Research Al-
location Decision-Making Mechanisms in the Private Sector," Depart-
ment of Industrial Engineering and Management Sciences, North-
uastern University, January 1969.
69/24 _filbert H._Rubenstein, "Information Requirements and Criteria
for Project Selection Decisions in Research and Development," ONR
Renewal Proposal, May 1969.
68/48 Arthur P. Hurter, Jr., "A Bibliography of Capital Theory,
Capital Budgeting, Finance, Investment Theory and Portfolio Anal-
ysis," Department of Industrial Engineering and Management
Sciences, Northwestern University, October 1968.
68/19 Albert H. Rubenstein. "Information Requirements and Criteria
for Project Selection Decisions in Research and Development," ONR
Renewal Proposal, July 1968.
68/2 Arthur P. Hurter, Jr., "The Application of Scoring Models to
R&D Project Selection: An Example," Department of Industrial En-
gineering and Management Sciences, Northwestern University.
67/55 Arthur P. Hurter, Jr., "Scoring Models, Preference Functions,
and R&D Project Selection, Part Imo,"(First Draft), Department of
Industrial Engineering and Management Sciences, Northwestern
University, November 1967. 	 _
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67/49 Jon Larson,"The Effect of Discount Rates on the Priority
Lndex," Department of Industrial Engineering and Management
Sciences, Northwestern University.
67/45 Arthur P. Hurter, Jr., "Scoring Models, Preference functions
and R&D Project Selection, Part I," Department of Industrial En-
gineering and Management Sciences, Northwestern University, July
1967.
67/34 B. John Holtel, "A Working Paper on a Computer-Aided Manage-
ment Informat3-n and Decision System for Project Selection and
Review in Research and Development," Department of Industrial Ln-
gineering and Management Sciences, Northwestern University,
C	
July 1967.
s
67/23 Arthur P. Hurter, Jr., "Notes on Investment Analysis," a
working paper, Department of Industrial Engineering and Management
Sciences, Northwestern University, May 1967.
_	 Potential for Implementation Studies at NASA Centers:
a) Adapt some of the - -existing models-for selecting R&D work
Laits (tasks or projects) for application to individual
Center needs and test their utility.
b) Develop prograr; for identifying information requirements of
personnel making project selection decisions.
c) Study the project selection process being currently used and
develop programs for improving the processes and criteria
utilized.
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12.* Environmental and Management Factors Influencing the Performance of
Research and Development Groups
Objective: This study provided a means for carrying out a cooperative
research program between the research management aspect of Project
HINDSIGHT and the Program of Research on the Management of R&D at North-
western. The support of Project HINDSIGHT included participation and
assistance in the design of field research and data analysis. The sup-
port of the :Northwestern program includes providing -data sources.
Progress Since 1567. Data co'lection, coding, and reduction has been
completed for almost all of the data supplied by 670 R&D people be-
longing to 35 groups in five field sites. The data ,!-,ere collected re-
motely, with the cooperation of `n-house management researchers at
each site, using our instruments and data collection procedures. One
M.S. thesis and two Ph.D. dissertations have been completed, incor-
porating data from the "info-search" phase of the project (see project
No. S, above). Two more M.S. theses and some staff studies are under
way on other sections of the data. Some of the papers-listed below
were based on an index-ndent study conducted by a post-doctoral re-
searcher who spent 15 months with us, and whose Ph.D. dissertation was
closely related to some of the concepts underlying our project.
Publications and Papers, 1967-69:
68/43 Stephen C. Hill, "A Natural Experiment on the Influence of
Leadership Behavior Patterns on Scientist Productivity," Depart-
ment of Industrial Engineering and Management Sciences, North-
western University, December 1968.
68/36 Stephen C. Hill, "The Values of Australian Industrial Re-
searchers: A Test of the Influence Exerted by the Social System
of Science," Department of Industrial Engineering and Management
Sciences, Northwestern University, November 1968.
68/35 Stephen C. Hill, "_A Graphical Representation of Group Pro-
perties and Status Structure," Department of Industrial Engineering
and Management Sciences, Northwestern University, September 1968.
68/25 Stephen C. Hill, "Industrial Scientific Research Groups:
The Effcct of the Task-Oriented Value System of Scientists on
Group Social Forces. _
Potential for Implementation Studies at NASA Centers:
a) Studies of the management and environmental factors influencing
the performance of R&D groups-e.g. the generwtion of ideas,
communication patterns, response to attempts to control their
operations.
b) Design of work groups in RO to increase the probability of
innovation and productivity.
* The project numbering is consistent with our series of annual reports.
Project No. 11 was completed several years ago, and removed ft•om our active
project portfolio.
r
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13. Methodology of Research on Research
Objective: To continually examine and attempt to improve our current
methods of field research and to develop new ones for specific and
general use in our overall program.
Progress Since 1967: Several methodological developments in our pro-
gram were described in the introduction and some of the project des-
criptions, including field experimentation; longitudinal or "real-time"
studies (as compared to retrospective reconstructions of past events);
and remote studies, using cooperating in-house researchers. Another,
very exciting development has been our work in systematic procedures
for organizational design, intended to exploit existing theory and
research findings about organizational behavior. A book on field study
methods in organizational research 16 in preparation.
Publications and Papers, 1967-69:
69/14 Charles W.N. Thompson, "Management Research Methods for En-
gineering Managers: A Progress Report on an Experimental Graduate
Course."
6'%26 Stepi.nn C. Hill, "Swimming with Sharks and Other Ficz*ld
Study Techniques for Maximizing Subject Response," submitted to
Human Organization for publication.
68/22 Albert H. Rubenstein, "Methods of Studying Interpersonal
Relations in Research and Development," presented to the Society
of Research Administratrcs, Houston, March 1968.
68/3 Charles F. Douds :
 "Struc4ure and Process in Organizational
Design: Observations on Some Trials," Del-rtment of Industrial
Engineering and Management Sciences, Northwestern_ University,
March 1968.
67/18 Charles W.N. Thompson, "On Finding Squirrels: Lest Obvious
Sources of Information in Formal Organizations," Department of
Industrial Engineering and Management Sciences, Northwestern
University, November 1966.
67/10 Albert H. Rubenstein, "Some Views on the Function of an
Undergraduate Engineering Magazine," Department of Industrial
Engineering and Management Sciences, Northwestern University,
February 1967.
67/8 Albert H. Rubenstein, and Charles W.N. Thompson, "Remote
Studies of R&D Management Using In-House Field Researchers,"
Department of Industrial Engineering and Management Sciences,
Northwestern. University, August 1967.
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Potential for Implementation Studies at NASA Centers:
a) Experimenting with new methods of carrying out applied manage-
ment research and organizational design with NASA components.
b) Methods of closer collaboration with university researchers
on subjects of mutual interest, where the NASA participants
can receive direct benefit from the results of the study.
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14.	 Other Related Activities
Progress Since 1967:
A. The Transactions on Engineering Management of the Institute
of Electrical and Electronic Engineers: Edited by the princi-
pal investigator, it is the only professional society journal
devoted exclusively to the management of Research, Develop-
ment, and Engineering (R, D, and E). Articles were published
on aspects of R, D, and E management from creativity and super-
vision to project selection and program scheduling. A special
issue - March 1967 - included selected papers from the Working
Group on Research Management, of the Military Operations Re-
search Symposium (MORS). Other special issues and special
sections appear from time to time.
B. The College on Research and Development (COLRAD): The second
edition of the Directory of Research-on-Research, co-sponsored
by the College on Research and Development (COLRAD) of The
Institute of Management Sciences (TIMS) and Northwestern. It
reports on current (rather than completed) research and on
the management aspects of the total R&D process, since several
other directories are available on completed research and the
macro-economic aspects.
C. Short Courses and Seminars: Our Spring Quarter Seminar in
the Organization of Research and Development continued to
attract research administrators from local industry and grad-
uate students involved in our research Program.
One major short course in Field Research Methods was conducted
for in-house management researchers.
D. Advisory Relations with Other Related Groups:Members of the group
continued to serve in various adviaory and consulting capa-
cities in the R&D community. These activities, during 1967-69,
included: National Science Foundation, National Aeronautics
and Space Administration, National Bureau of Standards, Na-
tioaal Academy of Sciences, American Dental Association, and
several industrial corporations and not-for-r.rofit organiza-
tions.
Numerous talks, papers, and lectures were given by members of
the Program during the year. In many cases, formal papers are
not available from them, since they were presented as "slide
talks."
Publications and Papers, 1967-69:
69/17 The School of Business, Administration Department,and The
Technological Institute, Department of Industrial Engineering and
Management Sciences, "Ph.D. Programs in Organizational Behavior,"
Northwestern University, January 1969.
V
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68/37 Albert H. Rubenstein and Edward M. Sullivan, Eds., "Educa-
tional Institutions Reporting Research on R&D," extracted from
A Directory of Research-on-Researc'_ 2nd Edition, September 1968.
68/20 Albert H. Rubenstein and Edward M. Sullivan, Eds., A Directory
of Research-on-Research, 2nd Edition, September 1968.
68/15 Albert H. Rubenstein, "Research-on-Research: The State of the
Art in 1968," Department of Industrial Engineering and Nanagement
Sciences, Northwestern University, May 1968.
67/58 Charles W.N. Thompson, "Selected References (Papers) on the
Administration of Research and Development, Department of Industrial
Engineering and Management Sciences, Northwestern University, June
1967.
Potential for Implementation Studies at NASA Centers: All of the above
mechanisms of communication between Northwestern and other researchers
in the field with NASA personnel have potential value. Some of them
have not been exploited fully, and need to be studied for possible uti-
lization in "technology transfer" between NASA and research centers
such as ours.
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DISSERTATIONS AND THESES SINCE INCEPTION OF THE NASA GRANT
Ph.D. Dissertations Completed Since Inception of the Grant
Baker, Nonnan R., "The Influence of Several Organizational Factors on
the Idea Generation and Submission Behavior of Industrial Researchers
and Technicians," January, 1965,
Bonge, John W., "Perception and Response to Major Change by Purchasing_
Agents," August, 1968.*
Burack Elmer H., "Some Aspects of the Relation of Process Technology
to Authority in the Plant Technical Organization," June 1964. *
K.Lrtin, Robert B., "Some Factors Associated with the Evaluation of Ideas
for Production Changes in Small Companies," 1967.
Mc olly, Joan B., "An Investigation of the Factors Affecting the Per-
ceived Impact of Marketplace Events Upon Decision Makers," 1967.
Moor, William C., "The Medical Researcher's Environment As It Pertains
to Information Searching Behavior," June, 1969.
Parisi, Dominic George, "The Impact of a Change in Information Techno-
logy on Management Organization Structure, Decision Making, and Inter-
personal Relations in a T,arge Insurance Company," June 1966. *
Pound, William H., "Communications, Evaluations, and the Flow of Ideas
In an Industrial Research and Development Laboratory," June, 1966.
Radnor, Michael, "The Control of Research and Development by Top Managers
Large Decentralized Companies," August, 1964.
Thompson,_ Charles W. N., "The Initial Screening of Technical Documents
by the User," June, 1969.
Werner, David J., "Study of Information-Seeking Behavior of Medical
Researchers," 1969.
M. S. Theses Completed Since Inception of the Grant
Adulbhan, Pakorn, "A Study of the Role of Scientific Research (R&D) in
the Industrial Development of Selecte 4
 South and Southeast Asia
Countries, December, 1963.
Altman, Fred D., "Performance Evaluation of Division Managers in Large
Decentralized Industrial Organizations," August, 1963.
Baker, Norman R., "Descriptive Model of Several Environmental Factors
Affecting Industrial Operations Research - Management Science Activi-
ties, August, 1963.
* In Cooperation with the School of Business.
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Bolen, Frank M . , "A Technique for the Real Time Measurement of the Flow
of Ideas in Industrial Laboratories," August, 1963.
Goldberg, Louis C., "Dimensions in the Evaluatiot, of Technical Ideas in
an Industrial Research Laboratory," August 1963.
Heiman, David R., "A Procedure for Predicting the Potential Success or
Failure of an OR/MS Activity," May, 1964.
Regan, Daniel L., "The Usefulness of Written Technical Information to
Two Groups of Chemical Researchers," June, 1969.
Lapp, Charles J . , "An Empirical Study of Some Relationships Between
Technological Innevaticis and Organizational Characteristics in Eight
Railroads," August, 1966.
Martin, Robert B . , "Structural Development of An Industr'-1 Research
and Development Laboratory," February, 1966.
McCarthy, Dennis, "The Response Behavior of Firms Confronted by Market
Crises," September, 1965.
McMaster, Samuel. B., "Study of Projec t_ Selection Techniques is R&D Or-
ganization," June, 1964.
Mills, Robert C . , "Liaison Activities at Research and Development Inter-
faces: A Model, Some Empirical Results, and Design Considerations for
Further Study," June, 1967.
Murphy, Eduard C . , "Some Relationships between R and D Organizational
Change and Company Growth Rate," October, 1963.
Pantin t
 Mario D., "A Study of the Role of Scientific Research in the
Growth and Development of the Latin Amer 4 can Countries," 0.7tober, 1963.
Utterback, James, "Accuracy of Perception and Enculturation of Re-
searchers in an Industrial Laboratory," August, 1965.
Werner, David J., "A Study of the Information-Seeking Behavior of
Medical Researchers," December,1965.
Young, Earl C., "An Analysis of Selected Strategies for Organizing
R&D in Developing Countries with Reference to Poiicy and Planning
Techniques, International Relations, Manpower and Training & Informa-
tion Requirements," January, 1966.
Subjects of Dissertations in Process
Barth Richard T., "The Effects of Perceived Differences in Organiza-
ti^,nal. Climate Dimensions on Liaison and Coupling Activities Between
Research and Development Groups."
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Bean, Alden S. "The Relationship Between Different Strategies of
Coupling OR/A1S Groups to Clients and the Development of Client Recep-
tivity."
Bustillo, Juan A., "Factors Affecting the Introduction and Utilization
of OR/MS Techniques in Venezuela."
Chakrabarti, Alok, "Study of "he Socio-Economic Factors Influencing
the Diffusion of Technological Innovations in radian Industry."
Douds, Charles F., "The Effects of Task-Related Values on Communications
BeLveen R&D Groups."
Forster, R. Patrick, "A Study of the Control of R&D in Foreign Subsi-
diaries of Decentralized Ameri.an Companies." *
Hannenberg, Richard D_., "Some Structural and Interpersonal Factors in
the Project Selection and Idea Flow Processes in an Industrial Re-
search . Laboratory. "
Hardin, David R., """he Effects of Physiological Characteristics on the
Development of Change and Innovative Leaders." *
Metzner, Wiliam ,&.- "Modifications of the British Pattern of Organizing
National Research in Commonwealth Countries."
Kegan, Daniel L., "Trust, Openness, and Sensitivity Training: A Design
for-Investigating-Long-Term Effects in Research and Development Labora-
tories."
Lipson, Howard, "The Relation Between an Individual's Nees: to Structure
and His Project Selection Behavior."
Maher, P. Michael, "Project Selection and Review in Research and De-
velopment: A Real-Time Experiment."
Mazaberi, Houshang, "A Study of Factors Determining the Effectiveness
of Change Agents (Domestic atd Foreign)." *
Tansik, David A., "Some Fnvironmental Influences'on the Selection and
Implementation of OR/MS Research Projects." *
Schlie, Theodore, "Some Aspects of Federal-Provincial Scientific Organi-
zation Relationships in Canada."
Young, Earl. C., "An Analysis of Factors Influencing the Organization of
Industrial RdD in Latin America. References to Selected Firms Operating
it Mexico and Colombia."
Young, K. Clifton, "Liaison Relations Between R&D and Marketing within
the Firm."
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Subjects of M. S. Theses in Process
Davig, William A., "Liaison Structures and Controls Influencing the
Development of New Products and Processes by U.S. Subsidiaries in the
Mexican Chemical Industry."
Ettlie,_John S., "Factors Affecting Success of Technology Transfer in
the Machine Tool Industry."
Greenberg, Lawrence, "Analysis of Data from Phase II of the HINDSIGHT
Study - The Information-Seeking Behavior of Researchers."
Hetzner, William A., "Conflict Resolution and the Development of
Government Organizations."
Jedlicka, Allan D., "Technology Transfer at the Community Level."
Lipson, Howard R., "A Study of the Relation Between an Individual's
Need to Structure and His Behavior in a Research and Development
Laboratory."
Schlie, Theodore W., "Governmental Science Organization and Federal
Provincial Relations in Canada."
Whitman, Eric S., "Analysis of Data from Phase II of the HINDSIGHT
Study - Control of R&D Groups by Management."
I
e.
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PERSONNEL ASSOCIATED WITH PROGRAM IN 1968.69
Principal Investigator
Albert H. Rubenstein, Professor of Industrial Engineering and
Management Sciences
Other Northwestern University F•^,ulty and Staff
Stephen C. Hill, Lecturer in Sociology and Research Engineer in
Industrial Engineering and Management Sciences
Arthur P. Hurter, Associate Professor of Industrial Engineering
and Management Sciences
Evelyn A. Moore, Research Engineer
Michael Radnor, Associate Professor of Business Administration
and Research Engineer in Industrial Engineering
Gustave J. Rath, Professor of Industrial Engineering and Manage-
ment Sciences
Charles W. N. Thompson, Associate Professor of Industrial Engineering
and Management Sciences
Earl C. Young, Research Engineer
Consultants (All former students or research associates)
Norman R. Baker .
 Associate Professor of Industrial Engineering,
Georgia Institute of Technology
William C. Moor, Assistant Professor of Industrial Engineering,
Arizona State University
Richard W. Trueswell, Head of Department of Industrial Engineering,
University of Massachusetts
David J. Werner, Assistant Professor of Management Science. oouthern
Illinois University
Research Assistants
Richard T. Barth Daniel L. Kegan
Alden S. Bean Jon A. Larson
Alok K. Chakrabarti Howard R. Lipson
William A. Davig P. Michael Maher
John E. Ettlie Theodore W. Schlie
William A. Hetzner Edward M. Sullivan
Other Associated Graduate Students
Juan A. Bustillo
R. Patrick Forster
Allan D. Jedlicka
Peter S. Rosi, M.D.
Frederick A. Spurgat
David A. Tansik
Eric S. Whitman
H. Clifton Young
